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® Suction apparatus for engine. 

<§) A suction apparatus for an engine is provided 
with an intake path (38) which has an opening por- 
tion (16) at one end, and the other end of which is 
connected to an intake pulsation generation source. 
A resonator (42) Is connected to a downstream por- 
tion of said intake path (38) through a connecting 
pipe (40), for eliminating a (0.5+n)th-order (where n 
Is an integer equal to or larger than 0) resonant wave 
In the Intake path (38) which is induced by a com- 
pression wave generated 1rom said Intake pulsation 
generation source (32) toward the upstream side. 
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SUCTION APPARATUS FOR ENGINE 



BACKGROUND OF THE INVENTION 

The present invention relates to a suction ap- 
paratus for introducing outer air into a cylinder 
chamber of an engine through an intake path and. 
more particularly, to a suction apparatus for an 
engine, which comprises a resonator for eliminating 
a resonance wave Induced In an Intake path by an 
intake pulsation, and can eliminate intake noise and 
can improve intake air filling efficiency. 

hi an engine, a variation in pressure. t.e., an 
Intake pulsation periodically occurs near an intake 
port by an Intake negative pressure generated 
when an intake valve is opened. For example, a 
four-cylinder engine which comprises a serge tank 
which collects independent Intake paths of the cyh 
inders. and also comprises a common Intake path 
tor introducing intake air Into the serge tank Is 
known. In the four-cylinder engine, the serge tank 
is an intake pulsation generation source. A com- 
pression wave of intake air is generated by the 
intake pulsation. The compression wave Is trans- 
mitted at a sonic speed toward the upstream s.de 
In the common intake path, is reflected at an up- 
stream opening portion (to be simply referred to as 
an opening portion hereinafter) of the common 
Intakei path, and Is then transmitted to the serge 
tank toward the downstream side In the common 
intake path. In the following description the com- 
pression wave which propages toward the up- 
stream side in the intake path will be referred to as 
an incident wave hereinafter, and the compression 
wave which propagates toward downstream 
side win be referred to as a reflection wave 
hereinafter. 

More specifically, the opening po^cnis de- 
fined as a transition region from a high-Impedance 
region in the common intake path to ^onmped- 
ance region In the air. As a result, the open.ng 
portion serves as a reflection surface of tr« In- 
cident wave. At the reflection surface, the imped- 
ance changes from high to low along the mddent 
direction of the compression wave. Therefore, the 
incident and reflection waves have opposite com- 
pression states Co.. have a 180 phase differ- 
ence). The reflection wave has me same 
wavelength and amplitude as those of the ^.ncWent 
wave, and has an opposite propagation dlre«cttoru 
As a result, as is well known as synthesis of two 
waves, the incident and reflection waves Interfere 
with each other, thus forming a standing wave 
having the same wavelength as that of the 
incWerrt/reftecUon wave In the common Intake path. 
When the relationship given by the following 
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equation is established between a Pfn length L _of 
the common intake path and a wavelength x of the 
standing wave: 
L •» (2n + 

intake air in the common intake path resonates to 
have the serge tank (Intake pulsation generation 
source) as a loop and the opening portion as a 
node with respect to a sound pressure, and a large, 
i e (0 5 + n)th-order standing wave is formed. This 
standing wave will be referred to as a resonant 
wave hereinafter. Upon generation of the resonant 
wave, large noise is undesirably generated from 
the opening portion. 

When the relationship given by the following 
equation is established between the path length L 
and the wavelength X: 

L = 2n\/4 , # 

Intake air In the common intake path resonates to 
have the serge tank and the opening portion as 
nodes with respect to a sound pressure, and a 
large, i.e.. nth-order standing wave is formed. Upon 
generation of this standing wave, large rtotse is 
generated from the opening portion. 

In order to eliminate the intake noise, as dis- 
closed in. e.g., Japanese Patent Uld-Open (Kokei) 
Nos 54-9316 and 61-190158. suction apparatuses 
are proposed. In these apparatuses, a side-branch 
type or Helmholtz type resonant silencer is ar- 
ranged at a position near the opening portion and 
where the loop of a sound pressure vibration of me 
resonant wave Is formed (normally, at the upstream 
side of an air cleaner), thereby controlling the 
sound pressure vibration of the resonant wave In- 
duced in the common Intake path and eliminating 

the intake noise, 

in the <0.5+n)th-order resonant wave gener- 
ated In the common Intake path, the loop of the 
sound pressure is formed at the downstream end 
portion (the opening portion to the serge tank). As 
a result, the intake pressure in the serge tank 
vibrates with a targe amplitude upon vibration of 
the sound pressure (intake pressure). The vibration 
of the Intake pressure becomes a minimum pres- 
sure when a 3/4 period elapses from when the 
compression wave generated at the Intake pulsa- 
tion generation source has a minimum pressure (at 
substantially the same time with an opening timing 
of the Intake valve). 

More specifically, in the four-cylinder, four-cy- 
cle engine, the period of the compression wave 
corresponds to a crank angle of 180 . For this 
reason, when the crank angle after the Intake valve 
is opened reaches 135' (= 180 x 3/4). La., at the 
end of an Intake stroke, the Intake pressure in the 
serge tank becomes minimum. In general, since 
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th© intake path length between each cylinder and 
the serge tank Is relatively short, a change in 
pressure in the serge tank Is transmitted to each 
cylinder without a delay time. For this reason, in an 
engine rotational speed region corresponding to the 
wavelength x at which me resonant wave is gen- 
erated In the common intake path, intake air fitting 
efficiency is impaired, and an output torque is 
decreased. . 

The nth-order resonant wave does not induce 
the intake pressure vibration In the serge tank 
since the downstream end portion (serge tank) of 
the common intake path becomes the node of the 
sound pressure. 

The conventional resonant silencer which is 
arranged to eliminate Intake noise eliminates the 
resonant wave in the common intake path. There- 
fore, a negative pressure induced In the serge tank 
by the (O.S+n)th-order resonant wave can be theo- 
retically eliminated upon operation of the resonant 
silencer. However, as described above, the reso- 
nant silencer is mainly arranged near the upstream 
opening portion of the common intake path lor the 
purpose of eliminating intake noise. As a result, 
although the intake noise can be eliminated, since 
the silencer is spaced apart from the serge tank, 
the resonant wave elimination effect does not reach 
the serge tank. 



SUMMARY OF THE INVENTION 



The present invention has been made m con- 
sideration of the conventional problems, and has as 
Its object to provide a suction apparatus for an 
engine, which can efficiently eliminate Intake noise 
caused by a resonant wave of Intake air Induced In 
an Intake path, and can effectively prevent a de- 
crease In filling efficiency caused by the resonant 
wave so as to increase an engine output torque. 

In order to achieve the above object according 
to one aspect of the suction apparatus for an 
engine of the present Invention, first means for 
eliminating a (0.5 + n)th-order (where n is an integer 
equal to or larger than 0) resonant wave Induced in 
an Intake path by a compression wave which is 
generated from an intake pulsation generation 
source toward an upstream side In the Intake path 
at the upstream side of the Intake pulsation genera- 
tion source is arranged at a downstream end por- 
tion of the Intake path. 

Therefore, according to the aspect of the 
present invention, In an engine rotational speed 
region where the relationship given by the following 
equation is established between a wavelength X of 
the compression wave generated at the intake pul- 
sation generation source (e.g.. a serge tank) and a 



path length L of the intake path at the upstream 
side of the Intake pulsation generation source: 
L= (2n + t)*/4 (where n = 0. 1. 2....) 
the amplitude of the (0.5 + n>th-order (where n = 0. 
5 i 2 ...) resonant wave induced in the Intake path Is 
greatly eliminated upon interference with the reso- 
nant wave induced by the first means. For this 
reason, the sound pressure level of the resonant 
wave in the Intake path Is towered, and intake noise 
jo generated from the upstream opening portion of 
the Intake path can be greatly reduced. 

Furthermore, at the intake pulsation generation 
source (e.g.. the serge tank) serving as the loop of 
a sound pressure vibration. I.e., an intake pressure 
;s vibration, the amplitude of the intake pressure vi- 
bration is reduced. As a result, no decrease In 
Intake pressure essentially occurs at the end of an 
intake stroke of each cylinder. More specifically, 
since the intake pressure Is maintained to have a 
20 value free from the intake pulsation, intake air filling 
efficiency can be Improved, and the engine output 
torque can be Increased. In this manner, since the 
first means is used as both the noise eliminating 
means and torque improving means, an engine can 
26 be rendered compact 

The suction apparatus for the engine according 
to the other aspect of the present invention com- 
prises the above-mentioned first means, and sec- 
ond means for eliminating a resonant wave of an 
30 order twice that of the resonant wave eliminated by 
the first means. 

Therefore, according to the other aspect of the 
present invention, the same effect as that In one 
aspect of the present invention can be obtained, tn 
35 general, the first means for eliminating the (0.5 + n)- 
th-order resonant wave promotes the vibration of 
the resonant wave of an order twice that of the 
{05+n)th-order resonant wave, and hence. In- 
creases intake noise (however, since the resonant 
40 wave of the double order Is generated In a high- 
speed region, no problem Is pose6 In a normally 
used operating region). However, according to the 
other aspect of the present Invention, the second 
means for eliminating the resonant wave of the 
4fi double order Is arranged in addition to the first 
means for eliminating the (05+n)th-order resonant 
wave. Therefore, generation of Intake noise caused 
by the resonant wave of the double order can be 
effectively prevented. In this manner, according to 
so the other aspect of the present Invention, a special 
effect of eliminating intake noise over the wide 
engine rotational speed range can be provided. 

Other features and advantages of the present 
Invention will be apparent from the following de- 
6& scription taken In conjunction with the accompany- 
ing drawings. In which Bke reference characters 
designate the same or similar parts throughout the 
figures thereof. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 Is a plan view showing an arrange- 
ment of a four-cylinder engine comprising a suction 
apparatus according to an embodiment of the 
present invention; 

Fig. 2 is a front view of the engine shown in 

Fig. 1; 

Rg. 3 is a view illustrating a propagation 
path of a compression wave caused by intake 
pulsation of the suction apparatus shown In Fig. 1; 

Fig. 4 Is a view representing a vibration of a 
1.5th -order resonant wave induced in an intake 
path shown in Rg. 3 as a sound pressure; 

Fig. 5 is a view representing a vibration of a 
3m-crder resonant wave induced in the Intake path 
shown In Rg. 3 as a sound pressure; 

Rg. 6 is a graph for comparing engine 
torque characteristics as a function of an engine 
rotational speed for an engine comprising a resona- 
tor and a conventional engine having no resonator 

Fig. 7 is a graph for comparing sound pres- 
sure level characteristics of intake noise generated 
from an intake path near an opening portion as a 
function of an engine rotational speed for an engine 
comprising a silencer and a conventional engine 
having no silencer; 

Figs. 8 to 10 are graphs showing sound 
pressure level characteristics of noise components 
having frequencies of 2nd-, 4th-, and eth-orders 
with respect to the engine rotational speed in the 
total intake noise as a function of an engine rota- 
tional speed in the same manner as in Fig. 7; 

Fig. 11 is a graph showing frequency char* 
acjeristlcs of Intake noise using an engine rotational 
speed as a parameter for an engine comprising a 
silencer and a conventional engine having no si- 
lencer; 

Rg. 12 Is a front view showing an arrange- 
ment of a four-cylinder engine comprising a suction 
apparatus according to another embodiment of the 
present Invention; and 

Hg< 13 Is a view Illustrating a propagation 
path of a compression wave caused by Intake 
pulsation of the suction apparatus shown in Rg. 12. 

DETAILED DESCRIPTION OF THE PREFERRED 
' EMBODIMENTS 



The arrangement of a preferred embodiment of 
a suction apparatus for an engine according to the 
present invention will be described hereinafter. 

As shown in Rgs. 1 and 2. a suction apparatus 
10 of this embodiment is arranged to supply intake 
air to a four-cylinder engine 14 comprising first to 
fourth cylinders 12a. 12b, 12c. and 12d. In order to 



Introduce, ije.. take outer air Into the engine 14 
through the suction apparatus 10, a fresh air duct 
18 communicating with air at an opening portion 16 
defined as the most upstream side with respect to 

6 an intake direction is arranged. The downstream 
end portion of the fresh air duct 18 is connected to 
an air Inlet port 20a formed In the rear side surface 
(in the front-and-rear direction of the vehicle body) 
of an air deaner 20 for removing floating dust in 

io intake air. An ah- flow meter 22 for detecting an 
intake air amount is connected to the top surface of 
the air cleaner 20 to be adjacent thereto. 

The upstream end portion of an air intake hose 
24 formed of a flexible material such as rubber is 

is connected to an air outlet port 22a formed in the 
front side surface of the air flow meter 22. The 
downstream end portion of the air intake hose 24 is 
connected to an Intake pipe 28 formed of a hard 
material such as a metal or plastic through a con- 

20 nectlng member 26. Furthermore, the downstream 
end portion of the intake pipe 28 is connected to a 
throttle body 30 comprising a throttle valve (not 
shown) which is opened/closed to be Interlocked 
with an accelerator pedal (not shown). A serge tank 

25 32 for stabilizing an intake air How rate is con- 
nected to the downstream side of the throttle body 
30. 

The serge tank 32 is arranged beside the in- 
take side of the engine 14 {on the left-hand side in 
30 Rg. 1), and has an elongated shape extending 
along a cylinder aOgning direction On this embodi- 
ment the front-and-rear direction of the vehicle 
body) to have a predetermined volume. The length 
of the serge tank 32 in the cylinder afigning dlrec- 
35 tion is substantially equal to the total length of the 
engine 14. The upstream end portion of an intake 
manifold 34 lor supplying intake air to the cylinders 
12a to 12d is connected to the side wall of the 
serge tank 32 on the side opposite to the engine 
40 14 (on the left-hand side In Fig. 1). The intake 
manifold 34 comprises branch Intake pipes 34a, 
34b, 34c, and 34d which extend from the serge 
tank 32, are bent downward to extend below the 
serge tank 32 while changing the extending direc- 
ts tion by 180*. and are respectively connected to 
intake ports 36a, 36b. 36c, and 38d of the cor- 
responding cylinders 12a, 12b, 12c. and 12d. 

In the suction apparatus 10, intake air flows 
from the opening portion 16 toward the down- 
so stream side into the serge tank 32 through the 
fresh air duct 18, the air cleaner 20, the air flow 
meter 22. the air intake hose 24. the intake pipe 28. 
and the throttle body 30 In turn. In the following 
description, an intake air flow path extending from 
65 the opening portion 16 to the serge tank 32 will be 
referred to as an intake path 38. 

As will be described in detail below, an Intake 
pressure In the serge tank 32 is decreased by a 
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negative pressure generated in the corresponding 
Intake ports 36a to 36d every time intake valves 
(not shown) of the cylinders 12a to 12d are 
opened. Thus, intake air in the serge tank 32 Is 
pulsated due to a decrease in Intake pressure, thus 
generating a compression wave. Upon interference 
between an incident wave defined by the compres- 
sion wave up to the opening portion 1 6 and a 
reflection wave of the compression wave by the 
opening portion 16. a resonant wave is induced in 
the intake path 38 In a predetermined engine rota- 
tional speed region. In order to eliminate the reso- 
nant wave, in this embodiment a Helmholtz reso- 
nator 42 as a first means is connected to the intake 
pipe 28 at an immediately upstream position of the 
throttle body 30 through a connecting pipe 40. As 
will be described in detail later, in order to elimi- 
nate a resonant wave of an order twice that of the 
resonant wave eliminated by the resonator 42, a 
side-branch silencer 44 as a second means is 
connected to the fresh air duct 18 at the upstream 
side of the air cleaner 20 at a position where the 
loop of a sound pressure of the resonant wave of 
the double order Is formed. The arrangements and 
principles of the resonator 42 and the silencer 44 
are known from, e.g., "Low-Noise Engine Design 
Technical Manual" (The Japan Society of Mechani- 
cal Engineers, issued on November 2, 1979) and 
"Design of Sound Insulating Device" <Kaoru UNO, 
issued on June 20, 1963). and a detailed descrip- 
tion thereof will be omitted here. 

The functions of the resonator 42 and the si- 
lencer 44 will be described below. 

Fig, 3 Illustrates the suction apparatus 10 
shown in Rg. 1. As shown in Fig. 3. a path length L 
of the intake path 38 is set to be 168 cm on the 
basis of various factors, such as a tube resistance, 
the site of an engine room, and the like in this 
embodiment The Helmholtz resonator 42, as the 
characteristic feature of the present Invention, is 
connected to the Intake path 38 (i.e., the intake 
pipe 28) through the connecting pipe 40 at a posi- 
tion 10 cm upstream from the serge tank 32. The 
resonator 42 Is designed to mute a noise compo- 
nent of 160 Hz by 1.5th-order resonance (see Fig. 
4) in this embodiment 

The side-branch silencer 44 Is connected to 
the intake path 38 (fresh air duct 18) at a position 
29 cm downstream from the opening portion 16 In 
this embodiment The side-branch silencer 44 can 
arbitrarily change a frequency of a noise compo- 
nent to be muted by changing its total length. In 
this embodiment the total length of the silencer 44 
la set to be 29 cm and Is designed to mute a noise 
component of 320 Hz by 3rd-order resonance (see 
Fig. 5). which is defined as the order twice the 
1.5th order. 

Every time the Intake valves (not shown) of the 



cylinders 12a to 12d are opened, a negative pres- 
sure is generated in the corresponding Intake ports 
3Ba to 36d. This negative pressure is transmitted to 
the interior of the serge tank 32 within a very short 

b period of time through the Intake manifold 34 hav- 
ing a relatively small path length. For this reason, 
in the serge tank 32. the intake pressure Is de- 
creased to induce an intake pulsation every time 
the Intake valves (not shown) of the cylinders 12a 

w to 1 2d are opened. More specifically, the serge 
tank 32 serves as an intake pulsation generation 
source. A compression wave of intake air is gen- 
erated by the intake pulsation, in the four-cylinder, 
four-cycle engine of this embodiment, a frequency 

15 f of the compression wave is given by; 
? = 2N (1) 

where N is the engine rotational speed. 

The wavelength of the compression wave, is given 

by: 

20 X= v/f (2) 

where v is the sonic speed. 

The compression wave is transmitted as the 
incident wave toward the upstream side In the 
intake path 38 at the sonic speed v, and Is re- 

j?s fleeted by the opening portion 16 communicating 
with external air. In this case, external air serves as 
a free end of wave reflection. For this reason, the 
incident wave Is reflected without changings its 
phase, and is converted to a reflection wave. As is 

30 well known, the incident and reflection waves have 
an opposite order of compression (i.e.. have a 
180* phase difference). The reflection wave is 
transmitted at the sonic speed toward the down- 
stream side in the Intake path 38 to the serge tank 

36 32. in the intake path 38, in this case, the incident 
and reflection waves are present at the same time. 
Since the incident and reflection waves have sub- 
stantially the same ampHtude and wavelength, they 
interfere with each other, thereby forming a stand' 

40 Ing wave having the same wavelength X as that of 
the incident wave (reflection wave}. The standing 
wave Is not normally noticeable. However, when 
the relationship given by the following equation is 
established: 

45 L = (2n + 1) )/4 (3) 

where n.^arbltrary Integer equal to or larger than 0 

L..path length of Intake path 

^.wavelength of standing wave 

Intake air In the intake path 38 considerably reso- 

so nates to have the downstream end portion (opening 
portion to the serge tank 32) of the intake path 38 
as a loop, and the opening portion 16 as a node 
with respect to a sound pressure! and large Intake 
noise Is externally generated from the opening 

65 portion 16. Since the intake path length L Is con- 
stant resonant waves are generated at all engine 
rotational speeds N at which the wavelength x has 
a value to establish equation (3) for n « 0, 1, 2,— 
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In this manner, a plurality of resonant waves 
are generated at different predetermined engine 
rotational speeds. For example, sound pressure 
characteristics of a resonant wave when n = 1. i.e.. 
when a l.5th-order resonant wave Is generated are 
represented by a curve Gi in Rg. 4. In the 1.5th- 
order resonant wave, when no resonator 42 Is 
arranged, since the loop of the sound pressure 
vibration (intake vibration) is formed at the down- 
stream end portion (opening portion to the serge 
tank 32) of Che intake path 38, an Intake pressure 
vibrates with a large amplitude at the downstream 
end portion of the intake path 38, as indicated by 
an arrow d in Rg. 4. 

When the sound pressure vibration is consid- 
ered upon comparison with opening/closing timings 
of the intake ports 36a to 36d. the sound pressure 
(intake pressure) of a resonant wave becomes 
minimum at the end of an Intake stroke (near a 
crank angle of 135* after the intake valve Is 
opened) in a certain cylinder (e.g„ the first cylinder 
12a). Therefore, since the Intake pressure in the 
serge tank 32 is decreased at this time, the intake 
air filling efficiency of this cylinder (first cylinder 
12) Is decreased, and hence, the output torque of 
the engine 14 is decreased. At this time, since 
intake air In the intake path 38 is resonating, large 
intake noise is generated from the opening portion 
1 6, as a matter of course. 

In this embodiment, in order to prevent a de- 
crease In filling efficiency and generation of intake 
noise, the resonator 42 is arranged. As described 
above, the resonator 42 is of Heimhoftz type, and 
is designed to generate a resonant wave (standing 
wave) in correspondence with the intake pulsation 
In the serge tank 32 in a path between the connect- 
ing pipe 40 and the resonator 42. The characteris- 
tics of the resonant wave can be arbitrarily set by 
adjusting the pipe length and the pipe diameter of 
the connecting pipe 40 or the volume of the reso- 
nator 42. In this embodiment, the connecting pipe 
40 and the resonator 42 are set to have char- 
acteristics for Inducing a resonant wave which gen- 
erates a maximum sound pressure (positive pres- 
sure) In a communicating portion of the connecting 
pipe 40 with the Intake path 38 at a timing at which 
the U5th-order resonant wave (160 Hz) generates a 
minimum sound pressure at the downstream end 
portion of the intake path 38. Wore specifically, the 
resonator 42 has a volume of 720 cc. and the 
connecting pipe 40 has a pipe diameter of 35 mm 
and a length of 95 mm. 

The frequency of the 1.5th -order resonant wave 
is set as follows. Wore specifically, when n = 1.5 Is 
substituted in equation (3) described above, this 
yields L = 3X/4. X can be obtained from this 
equation as follows: 
X = 4U3 (4) 



From equation (2) described above, X - v/f , and 
from equations (2) and (4), 
f = 3W4L (5) 

When v = 362 m/sec and L = 1.68 m are substi- 
s tuted in equation (5). 
f = 151 (Hz) 

In this manner, the frequency of the l.5th-order 
resonant wave is calculated as 151 H2. However, 
the frequency of the 1.5th-order resonant wave is 

10 actually set to be 160 Hz in consideration of the 
shape of the intake path 38 or a change in sonic 
speed v due to a change in atmospheric pressure 
or temperature. 

As described above, since the communicating 

is portion of the connecting pipe 40 with the intake 
path 38 is arranged adjacent to the downstream 
end portion of the intake path 38. the resonant 
wave of the minimum sound pressure in the Intake 
path 40 and the resonant wave of the maximum 

20 sound pressure In the resonator 42 interfere with 
each other at the end of the intake strokes of the 
cylinders 12a to 12d, so that an almost average 
sound pressure, i.e^ an intake pressure free from 
resonance can be obtained. Therefore, a decrease 

25 In Intake pressure in the serge tank 32, which 
occurs at the end of the intake stroke when no 
resonator 42 Is arranged, can be prevented. For 
this reason, the filling efficiency can be improved, 
and hence, the output torque of the engine 14 can 

ao be improved. 

Note that when the connecting pipe 40 of the 
resonator 42 can be connected to the intake path 
38 at a position where the loop of another sound 
pressure is formed, the same effect can be ob- 

$s talned. However, like in this embodiment, when the 
connecting pipe 40 Is connected to the intake path 
38 at an Immediately upstream position of the 
throttle body 30, i.e., the serge tank 32, a negative 
pressure canceling effect of a resonant wave by 

40 the resonator 42 can be remarkably enhanced. 

Engine torque characteristics as a function of 
an engine rotational speed when the resonator 42 
is arranged are represented by a polygonal line Hi 
in Rg. 6. As can be easily understood from Rg. 8, 

45 in comparison with engine torque characteristics as 
a function of an engine rotational speed when no 
resonator is arranged In an engine of the same 
type (characteristics represented by a polygonal 
line Hi), an engine torque in a common rotational 
so spaed region (3,000 to 4,500 rpm) can be greatly 
Improved. 

In thie embodiment the resonator 42 is set to 
have tfiaracterlstlcs for eliminating the 15th-order 
"resonant wave. This setup is based on the fact that 
56 the l.5th-ordar resonant wave Is generated In the 
common rotational speed region of tiie engine 14. 
With this setup, an increase in torque and reduc- 
tion of intake noise tn a normal operation state 
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most frequently used can be attained. However, the 
present invention is not limited to such a setup of 
the resonator 42 for eliminating the 1«5th-order 
resonant wave. For example, the resonator 42 may 
be set to have characteristics for eliminating an 
arbitrary, lB. f (0.5 + n)th-order resonant wave. 

When the resonator 42 described above is 
arranged, a (0.5 + n)th-order resonant wave in the 
intake path 38 can be eliminated, while the am- 
plitude of the resonant wave of an order twice that 
of the (0,5 + n)th~order resonant wave is amplified. 
In this embodiment, the side-branch silencer 44 for 
eliminating a resonant wave of an order twice that 
of the 1.5th-crder resonant wave, i.e., a 3rd-order 
resonant wave (320 Hz) Is arranged. 

The silencer 44 is connected to the intake path 
38 at a position where the loop of a sound pressure 
of the 3rd-order resonant wave Is formed, which is 
closest to the opening portion 16, as represented 
by a curve G2 In Pig. 5. This position is a slightly 
downstream position of the fresh air duct 18 at the 
upstream side of the air cleaner 20, more specifi- 
cally, a position 29 cm downstream from the open- 
ing portion 16. In this manner, since the silencer 44. 
is connected at the position where the loop of the 
sound pressure is formed, which is closest to the 
opening portion 16, a resonant wave canceling 
effect of the silencer 44 can most strongly act on 
the opening portion 18 as compared to a case 
wherein the silencer is connected to a position 
where the loop of another sound pressure Is 
formed, thus effectively preventing generation of 
intake noise from the opening portion 16. 

Figs. 7 to 10 show scund pressure levels of 
intake noise generated from the fresh air duct 13 
near the opening portion 16 in a 1,600-cc four- 
cylinder engine, which has the resonator 42 but 
has no silencer 44, as compared to sound pressure 
levels of Intake noise of an engine of the same 
type, which has neither the resonator 42 nor the 
silencer 44. Rg. 7 shows the sound pressure level 
of total noise level, and Rgs. 8, 9, and 10 respec- 
tively show sound pressure levels of specific partial 
noise components having 2nd-, 4th-. and 6th-fre- 
cruendes as a function of an engine rotational 
speed* 

As can be seen from Rg. 7, for total noise, an 
engine comprising the resonator according to the 
present invention can decrease a sound pressure 
level over almost the entire rotational speed region 
as compared to an engine comprising no resonator. 
As can be seen from Figs. 8, 9\ and 10, the sound 
pressure level of a noise component having a fre- 
quency of 160 Hz caused by the 1.5th-order reso- 
nance is particularly decreased, as indicated by X, 
Y. and Z, respectively. In contrast to this, In Figs, 9 
and 10. the sound pressure level of a noise compo- 
nent having a frequency of 320 Hz caused by the 



3rd -order resonance is Increased by arranging the 
resonator 42, as indicated by Y and Z , respec- 
tively. As described above, the silencer 44 is ar- 
ranged to mute the noise component of 320 Hz 

6 caused by the 3rd -order resonance. 

Fig. 11 shows frequency characteristics of a 
sound pressure level of intake noise of the engine 
14 using an engine rotational speed as a param- 
eter. As can be seen from Fig. 11, an engine 

10 comprising the silencer according to the present 
invention can decrease the sound pressure level 
over almost the entire frequency range at any 
engine rotational speed as compared to an engine 
comprising no silencer. 

is As described above in detail, according to the 
present invention, reduction of intake noise and 
improvement of an engine torque can be effectively 
attained at the same time. 

The present invention is not limited to the 

20 arrangement of the above embodiment, and various 
changes and modifications may be made within the 
spirit and scope of the invention. 

In the embodiment described above. In order 
to eliminate a resonant wave of an order twice that 

25 of a resonant wave eliminated by the resonator 42, 
the side-branch silencer 44 Is connected to the 
fresh air duct 18 at the upstream side of the air 
cleaner 20 at the position where the loop of the 
resonant wave of the double order is formed. How- 
go ever, the present Invention is not limited to this. As 
shown In Figs. 12 and 13 as another embodiment 
a Hetmhottz resonator 46 may be used as the 
silencer 44 of the above embodiment 

In this case, the Helmholtz resonator 46 is 

33 connected to the fresh air duct 18 through a con- 
necting pipe 48. The connecting point of the con- 
necting pipe 46 is set at a position 20 cm down- 
stream from the opening portion 16 In the same 
manner as the connecting position of the sJda- 

40 branch silencer 44 of the above embodiment More 
specifically, the resonator 46 has a volume of 50 
cc, and the connecting pipe 46 has a pipe diameter 
of 20 mm and a length of 145 mm. 

In the above embodiment the suction appara- 

4S tus 10 is applied to the engine 14 comprising the 
serge tank 32. However, the present invention is 
not limited to this arrangement For example, the 
suction apparatus may be applied to an engine 
having no serge tank 32. In this case, an intake 
' so pulsation generation source is defined by a portion 
where a common intake pipe and branch Intake 
pipes connected to intake ports of cylinders are 
orarich-connected. 

In the above embodiment, the engine 14 is a 

65 four-cylinder engine. However, the present Inven- 
tion is not limited to this. For example, the present 
Invention may be applied to any other multl-cyl- 
Inder engines. 
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As many apparently widely different embodi- 
ments of the present invention can be made with- 
out departing from the spirit and scope thereof, it is 
to be understood mat the invention is not limited to 
the specific embodiments thereof except as de- 
fined In the appended claims. 



Claims 

1. A suction apparatus for an engine, said 
apparatus comprising: an intake path (38) which 
has an opening portion (16) at one end, and the 
other end of which is connected to an intake pulsa- 
tion generation source (32), 

characterized by further comprising: 
first means (40, 42). connected to an downstream 
portion of said intake path (38). for eliminating a 
(0.5+n)th-order (where n is an integer equal to or 
larger than 0) resonanTwave in said intake path 
(38) which Is induced by a compression wave 
generated from said intake pulsation generation 
source (32) toward the upstream side. 

2. The suction apparatus according to claim 1. 
characterised in that said first means Includes: 

a resonator (42) which resonates with the (0.5 +n>- 
th-order resonant wave in said Intake path (38); and 
a connecting pipe (40) for connecting said resona- 
tor (42) to the downstream portion of said intake 
path (38). 

3. The suction apparatus according to claim 2, 
characterized in that said resonator (42) comprises 
a HetmhoLtz type resonator. 

4. The suction apparatus according to claim 2, 
characterized in that said resonator (42) and said 
connecting pipe (40) are set to have characteristics 
for inducing a resonant wave which generates a 
maximum positive pressure in a communicating 
portion of said connecting pipe (40) to said Intake 
path (38) at a timing at which the (0.5+n)th-order 
resonant wave generated In said intake path (38) 
generates a minimum sound pressure in a down- 
stream end portion of said intake path (38). 

5. The suction apparatus according to claim 4, 
characterized in that said connecting pipe (40) is 
connected to said Intake path (38) at a position 
where a loop of a sound pressure of the (0.5 + n)th- 
order resonant wave in said Intake path (38) closest 
to said Intake pulsation generation source (32) Is 
formed. 

. 6, The suction apparatus according to claim 1. 
characterized In that said first means (40, 42) Is 
arranged to eliminate a 1.5th-order resonant wave 
In said intake path (38). 

7. The suction apparatus according to claim 1, 
characterized in that said Intake pulsation genera- 
tion source comprises a serge tank (32). 

a The suction apparatus according to claim 1, 



characterized by further comprising second means 
(44) for eliminating a resonant wave of an order 
twice that of the resonant wave eliminated by said 
first means (40. 42). 
s 9. The suction apparatus according to claim 8, 

characterized in that said second means (44) is 
connected to an upstream portion of said intake 
path (38). 

10. The suction apparatus according to claim 9, 
70 characterized In that said second means (44) is 

connected to said intake path (38) at a position 
where a loop of a sound pressure closest to said 
opening portion (16) in the resonant wave of an 
order twice that of the resonant wave eliminated by 
re said first means (40, 42) Is formed. 

1 1 . The suction apparatus according to claim 8, 
characterized in that said second means (44) is 
arranged to eliminate a 3rd-order resonant wave in 
said intake path (38). 

to 12. The suction apparatus according to claim 8, 
characterized in thai said second means comprises 
a silencer (44) for eliminating the resonant wave of 
an order twice that of the resonant wave eliminated 
by said first means (40, 42). 

25 13. The suction apparatus according to claim 
12, characterized in that said silencer (44) com- 
prises a side-branch type silencer. 

14. The suction apparatus according to claim 8, 
characterized In that said second means Includes: 

so a second resonator (46) for eliminating the resonant 
wave of an order twice that of me resonant wave 
eliminated by said first means (40, 42); and 
a second connecting pipe (48) for connecting said 
second resonator (46) to said Intake path (38). 

ss 15. The suction apparatus according to claim 
14. characterized In that said second resonator (46) 
comprises a Melmholtz type resonator. 
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